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FOREWORD 

This  report  describes  a new  muzzle-flange  configuration  and  flange 
alignment  device  for  the  alignment  of  target  assemblies  in  gas  gun 
impact  experiments.  Precision  alignment  is  necessary  to  obtain  distortion 
free  data  in  shock  wave  experiments. 
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A new  muzzle-flange  configuration  and  flange  alignment  device  are 
described  for  obtaining  precision  impact  planarity  in  gas  gun  experiments. 
The  muzzle  configuration  consists  of  a fixed  barrel  flange  and  a movable 
target  flange.  The  alignment  device  consists  of  a precision  rod  which 
fits  into  the  gun  muzzle  and  three  dial  indicators  for  monitoring  the 
target  flange  adjustment.  Precision  alignment  is  necessary  to  obtain 
distortion-free  material  response  data  in  shock  wave  experiments. 
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INTRODUCTION 


This  report  describes  a new  muzzle-flange  configuration  and  flange 
alignment  device  for  obtaining  precision  alignment  of  target  assemblies 
in  gas  gun  experiments.  The  muzzle  configuration  consists  of  a fixed 
barrel  flange  and  an  adjustable  target  mounting  flange.  The  device  is 
placed  in  the  end  of  the  gun  barrel  for  precision  alignment  of  the  tar- 
get flange. 

A schematic  of  the  NSWC  40-mm  gas  gun1  is  shown  in  Figure  1.  A 
target  assembly  is  placed  on  the  muzzle  for  impacting  at  controlled 
velocities  by  impactor  disks  carried  on  flat-faced  projectiles  with 
O-ring  seals.  The  projectile  velocity  can  be  varied  from  0.03  to  1 km/s 
in  a controlled  manner.  Precision  alignment  of  the  target  flange  is 
necessary  to  obtain  a minimum  planarity  angle  (tilt)  between  the  impactor 
and  specimen  faces  at  impact,  and  thus  to  ensure  that  the  specimen  is 
subjected  to  one-dimensional  strain  conditions.  This  is  important  in 
real-time  shock  wave  measurements  to  produce  distortion-free  data. 


(• 1.8m 7.9m 6.1m *\ 

Figure  1.  Schematic  of  Gas  Gun 

Minimum  tilt  is  especially  important  for  low  projectile  velocities 
(0.03  to  0.3  km/s)  since  for  these  velocities  the  closure  time  between 
the  impactor  and  specimen  faces  is  largest,  leading  to  large  tilt-dependent 
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risetimes  in  stress-time  profiles.  An  electronic  circuit  and  charged 
pins  are  used  for  measuring  impact  planarity.2 

The  details  of  the  double-flange  configuration  and  alignment  device 
are  presented  in  the  next  section.  In  the  last  section  the  operation  of 
the  alignment  device  is  discussed  and  tilt  data  is  presented.  Appendix  A 
contains  the  shop  drawings  for  the  flanges  and  alignment  device. 

DETAILS  OF  PRECISION  MUZZLE  FLANGES  AND  ALIGNMENT  DEVICE 

Figure  2 is  a schematic  of  the  muzzle  region  showing  the  double- 
flange configuration.  Also  shown  is  the  vacuum  line  for  evacuating  the 
barrel  to  10-1  Pa  prior  to  firing  the  gun,  and  the  three  pins  for 
measuring  the  projectile  velocity  at  impact.  The  barrel  flange  is  held 
rigidly  on  the  end  of  the  barrel  with  three  1/2-13  UNC  threaded  rods 
(not  shown  in  the  figure)  that  are  screwed  into  the  back  of  the  flange. 

An  O-ring  provides  a vacuum  seal  between  the  barrel  and  the  barrel 
flange.  The  target  flange  is  supported  by  the  two  O-rings  (90  durometer 
Buna-N)  between  the  two  flanges,  and  its  alignment  is  fine  adjusted  with 
the  three  1/4-28  UNRF  socket  head  cap  screws  (Unbrako  Type  1960  stainless 
steel,  32-mm  long).  Before  adjustment  all  three  cap  screws  are  turned 
a fixed  amount  to  compress  the  O-rings  for  a vacuum  seal.  After  adjust- 
ment the  three  1/4-28  UNRF  oval  point  socket  set  screws  (Unbrako  Type  1960 
stainless  steel,  17.2-mm  long)  are  used  to  lock  the  position  of  the  target 
flange.  An  0-ring  in  the  front  face  of  the  target  flange  provides  a 
vacuum  seal  between  the  flange  and  target  assembly. 


Figure  3 is  a view  of  the  muzzle  region  showing  the  two  flanges. 

The  three  cables  are  connected  to  the  velocity  pins  in  the  side  of  the 
barrel.  The  close  proximity  of  the  locking  screws  to  the  adjustment 
screws  ensures  that  the  target  flange  is  not  deformed  when  it  is  locked 
into  its  final  position.  The  double-flange  configuration  was  designed 
so  that  at  impact  the  front  projectile  0-ring  is  supported  by  the  inside 
of  the  barrel  flange  (the  inside  diameter  of  the  barrel  flange  is  125  urn 
larger  than  the  barrel  bore) . This  ensures  that  the  O-ring  is  still 


compressed  and  provides  a gas  pressure  seal  at  the  time  of  impact. 
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Schematic  of  Muzzle  Show: 
Configuration  (For  clari 
cap  and  set  screws  are  si 
their  common  bolt  circle 


209  with  1.25-pm  resolution  and  0. 38-nun  range)  by  contacting  the  pin 


tips  two-at-a-time  on  the  end  of  the  granite  V-block  and  then  setting 
the  dial-indicator  faces  to  a common  graduation  line  in  the  middle  of 
their  range. 


Figure  4.  Precision  Flange  Alignment  Device  on  Granite  V-Blocks 


Figure  5 is  a close-up  view  of  the  alignment  device  showing  the  end 
plate  and  the  dial-indicator  contact  points.  The  contact  points  protrude 
approximately  0.6  mm  beyond  the  face  of  the  end  plate  so  that  only  the 
points  touch  the  target  flange  during  the  adjustment  procedure.  To  align 
the  target  flange  the  0.3-m-long  precision  rod  is  placed  in  the  gun  muzzle 
The  adjustment  of  the  flange  plate  is  monitored  with  the  dial  indicators. 
The  diameter  of  the  rod  is  75  pm  smaller  than  the  bore  diameter;  this 
can  introduce  additional  tilt  (the  ratio  of  rod-to-barrel  clearance  and 
rod  length)  up  to  250  urad. 
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Figure  5.  Close-up  View  of  Alignment  Device  Showing  the 
End  Plate  and  Dial-Indicator  Contact  Points 

OPERATION  OF  ALIGNMENT  DEVICE 

Before  each  shot  the  target  flange  (after  removal  from  the  muzzle) 
and  the  barrel  are  cleaned.  This  ensures  that  no  particles  of  debris 
from  the  previous  impact  experiment  interfere  with  the  precision  align- 
ment procedure.  When  the  flange  is  reassembled  on  the  muzzle,  the  socket 
set  screws  are  loosened  so  that  they  do  not  contact  the  barrel  flange. 

The  device  is  rotationally  positioned  in  the  barrel  so  the  dial-indicator 
contact  points  touch  the  flange  at  positions  adjacent  to  the  set  screws 
as  shown  in  Figure  6.  The  device  is  carefully  pushed  further  into  the 
gun  muzzle  until  the  three  dial  indicators  read  approximately  in  the 
middle  of  their  range  (as  was  done  in  the  calibration  procedure) . The 
difference  in  the  readings  is  then  due  to  flange  tilt.  The  socket  cap 
screws  are  then  turned  one-at-a-time  thereby  adjusting  the  position  of 
the  target  flange  until  the  dial  indicators  read  within  1.25  ym  of  each 
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other.  Since  the  indicators  are  positioned  on  a 63. 5-mm-diameter  circle 
the  tilt  resolution  is  approximately  25  prad.  Adding  this  resolution  to 
the  maximum  250  prad  tilt  contribution  from  the  precision  rod  gives  a 
maximum  tilt  contribution  of  about  275  prad  for  the  device. 


Figure  6.  Flange  Alignment  Device  in  Operating 
Position  at  the  Gun  Muzzle 


Figure  7 shows  a target  assembly  with  four  tilt  pins  mounted  on 
the  gun  muzzle  for  a tilt  measurement  after  flange  alignment.  The  tilt 
pin  ends  have  been  positioned  in  the  plane  of  the  stainless  steel  target 
ring  to  within  1 pm.  The  pins  are  spaced  90°  apart  on  a 33-mm-diameter 
circle.  Each  pin  is  charged  to  a different  voltage.  The  tilt  angle  is 
determined  at  impact  from  the  summed  output  waveform  generated  when  the 
projectile  contacts  the  tilt  pin  ends.  The  projectile  used  for  this 


shot  was  123-mm  long  and  had  a diameter  of  78  yin  smaller  than  the  gun 
bore.  The  face  of  the  projectile  was  perpendicular  to  the  projectile 
outer  cylindrical  surface  to  within  2 ym. 


Figure  7.  Tilt  Pin  Target  Assembly  for 
Impact  Planarity  Measurement 


Figure  8 is  the  oscilloscope  trace  from  the  output  of  the  tilt 
target  assembly  shown  in  Figure  7.  The  tilt  pins  were  impacted  with 
the  aluminum  projectile  at  0.307  km/s.  Each  step  on  the  tilt  waveform 
corresponds  to  the  contact  of  a pin  by  the  projectile  face.  The  tilt 
angle  is  calculated  from  the  pin  closure  times  and  the  measured  distances 
between  the  tilt  pins.  The  measured  tilt  angle  for  this  shot  was  650  yrad 
which  is  consistent  with  the  dimensions  of  the  projectile  used.  The  tilt 
angle  can  be  reduced  by  using  longer  projectiles. 


Figure  8.  Tilt  Data  Waveform  (Time  increases  from  left  to  right. 

The  vertical  scale  is  4 V/div  and  the  horizontal  scale 
is  20  ns/div.  A 5-ns-period  time  calibration  wave  is 
shown  at  the  bottom. ) 

SUMMARY 

A new  muzzle- flange  configuration  and  flange  alignment  device 
have  been  described  for  obtaining  precision  impact  planarity  in  gas 
gun  experiments.  The  alignment  procedure  provides  a convenient  means 
for  adjusting  the  target  flange  for  minimum  tilt. 
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